The effects of dietary short chain fructooligosaccharides (scFOS) incorporation on hematology, fish immune status, gut microbiota composition, digestive enzymes activities, and gut morphology, was evaluated in gilthead sea bream (Sparus aurata) juveniles reared at 18 C and 25 C. For that purpose, fish with 32 g were fed diets including 0, 0.1, 0.25 and 0.5% scFOS during 8 weeks. Overall, scFOS had only minor effects on gilthead sea bream immune status. Lymphocytes decreased in fish fed the 0.1% scFOS diet. Fish fed the 0.5% scFOS diet presented increased nitric oxide (NO) production, while total immunoglobulins (Ig) dropped in those fish, but only in the ones reared at 25 C. Red blood cells, hemoglobin, bactericidal activity and NO were higher at 25 C, whereas total white blood cells, circulating thrombocytes, monocytes and neutrophils were higher at 18 C. In fish fed scFOS, lymphocytes were higher at 18 C. Total Ig were also higher at 18 C but only in fish fed 0.1% and 0.5% scFOS diets. No differences in gut bacterial profiles were detected by PCR-DGGE (polymerase chain reaction denaturing gradient gel electrophoresis) between dietary treatments. However, group's similarity was higher at 25 C. Digestive enzymes activities were higher at 25 C but were unaffected by prebiotics incorporation. Gut morphology was also unaffected by dietary prebiotic incorporation.
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Introduction
Prebiotics can be defined as non-digestible fibers that potentially increase specific-health promoting gut bacteria in the host [1] . Thus, prebiotics can positively affect host's health either indirectly, through by-products produced during bacterial prebiotic fermentation, or directly, through prebiotics interaction with pattern recognition receptors [2] .
Fructooligosaccharides (FOS) are one of the most studied prebiotics in humans, farm animals and fish [2e5]. Short-chain fructooligosaccharides (scFOS) are similar to FOS but with a lower degree of polymerization, ranging from 1 to 5 fructose oligomers [6] . ScFOS are however much less studied than FOS. In fish, scFOS has been only evaluated in turbot (Scophthalmus maximus), European sea bass (Dicentrarchus labrax), gilthead sea bream (Sparus aurata), common carp (Cyprinus carpio), and hybrid tilapia (Oreochromis niloticus \ Â Oreochromis aureus _) [7e14] .
FOS is known to support growth and survival of gastrointestinal tract autochthonous bacteria, such as members of the genus Lactobacillus, which possess b-fructosidase activity and thus can hydrolyse FOS b-(2-1) glycosidic bonds [3] . Lactobacillus is known to interact with the host immune system, but the precise mechanisms involved are not completely clarified. Nonetheless, it seems that Lactobacillus, or its end-metabolic products, interact with gut epithelial cells, macrophages, dendritic cells, and lymphocytes [15] . For instance, in mice given Lactobacillus as a probiotic, the gut mucosal immune system was affected mainly through activation of innate immune response cells [16] . FOS is also considered an immunosaccharide [2] as it has a direct signaling capacity on human's immune cells, by activating toll-like receptors, mainly TLR2 and, to a lesser extent, TLR4 [17] . Although the benefits of prebiotics to animals are well known, as well as the relationship between gut bacteria and host's immune system, the majority of studies on prebiotics effects in fish immune status does not simultaneously evaluate gut microbial composition [18e23] . It was, however, recently reported an increase in gut cultivable lactic acid bacteria (LAB) population and a stimulation of several immune parameters upon incorporation of FOS in the diets for stellate sturgeon (Acipenser stellatus) and common carp (C. carpio) [24, 25] .
Prebiotics effects on fish immunity, particularly of FOS, are reported as immunomodulatory [2e5] . For instance, blunt snout bream (Megalobrama amblycephala) fed a diet with 0.4% FOS presented lower levels of plasma cortisol and higher levels of immunoglobulin, lysozyme, plasma acid phosphatase, alternative complement activity and nitrogen monoxide than fish fed the control diet [23] . Triangular bream (Megalobrama terminalis) fed a diet with 0.6% FOS had increased leucocyte counts, plasma alternative complement activity and immunoglobulins compared to fish fed the control diet [22] . Red drum (Sciaenops ocellatus) fed a diet with 1% FOS had increased plasma lysozyme [26] . In Pacific white shrimp (Litopenaeus vannamei), diets including scFOS led to alterations in gut microbiota and enhanced total hemocyte count and hemocyte respiratory burst [27] .
In gilthead sea bream, prebiotics effects on immune parameters were so far only evaluated for inulin and mannanoligosaccharides (MOS). MOS did not affect fish health indicators, whereas leucocytes phagocytic capacity was decreased in fish fed inulin for 1 week [18, 21] . In another study, complement activity, leukocyte phagocytic ability and capacity increased after 2 weeks of feeding an inulin supplemented diet [28] . However, after 4 weeks of feeding the same diet, differences in leucocytes phagocytic ability and capacity disappeared while gut bacteria richness was reduced [28, 29] .
Dietary supplementation with FOS has been associated with an increase in digestive enzymes activity in some fish species, which may be correlated with alterations in gut microbiota [30e32] . Although, the effect of FOS on gilthead sea bream digestive enzymes was not yet evaluated, MOS was associated with increased protein, carbohydrates and energy digestibility's [33] .
Prebiotic effects on fish gut morphology are extensively studied. MOS was reported to increase gut absorptive area through increased microvilli length and density [34e38] . FOS was also reported to induce changes in morphology of fish intestine, such as increased microvillus height [26, 32] . However, inulin was reported to induce significant damage in gilthead sea bream gut [29] .
Fish, as heterothermic animals, are heavily influenced by environmental conditions and, as suggested by Ringø et al. [3] , temperature may have greater effects than diet in fish health. This may turn difficult an evaluation of prebiotics effect. Indeed, water temperature was already reported to influence immunological parameters and gut bacterial community [9,12,39e42] .
Several studies on the effects of prebiotics [2, 9, 43] and rearing temperature [9, 41, 42] on fish immune status are already available. However, studies simultaneously evaluating both parameters and their potential interactive effects on fish immune status are very scarce [9] .
Since prebiotics are reported to promote gastrointestinal health and immunological status [44] , the study of prebiotic effects on gut function and integrity, and on immunological parameters are particularly important. Therefore, the aim of this study was to evaluate the effect of dietary scFOS supplementation in the hematological profile, fish immune status, allochthonous gut microbiota composition, digestive enzymes activities, and gut morphology of gilthead sea bream juveniles reared at two temperatures: 18 and 25 C.
Material and methods

Diets composition
Four diets were formulated to be isolipidic (18% lipid) and isonitrogenous (46% protein). Fish meal and plant feedstuffs (soybean meal, wheat gluten, corn gluten and wheat meal) were used as protein sources (circa 50% protein from fish meal and 50% from plant feedstuffs), and fish oil was the main lipid source. The experimental diets included 0% (diet D0 e control diet), 0.1% (diet D0.1), 0.25% (diet D0.25), and 0.5% (diet D0.5) of scFOS (PROFEED Maxflow, Jefo, France) replacing a-cellulose. All ingredients were thoroughly mixed and dry pelleted in a laboratory pellet mill (California Pellet Mill, CPM Crawfordsville, IN, USA), through a 2.0 mm die. Pellets were dried in an oven at 40 C for 48 h, and then stored in a freezer in airtight bags until use. Ingredients and proximate composition of the experimental diets are presented in Table 1 .
Chemical analyses of the diets were performed following the Association of Official Analytical Chemists methods [45] . Dietary starch content was determined according to Beutler [46] .
Growth trial
The experiment was performed at the Marine Zoology Station, Porto University, Portugal, with gilthead sea bream (S. aurata) juveniles obtained from a commercial fish farm (Maresa S.A., Ayamonte, Huelva, Spain). The trial was performed in 2 identical recirculating water systems, each equipped with 12 cylindrical fiberglass tanks of 100 L water capacity, and thermo-regulated to 18.0 ± 0.5 C and 25.0 ± 0.6 C, respectively. The tanks were supplied with a continuous flow of filtered seawater (2.5e3.5 L min À1 ) of 35 ± 1 g L À1 salinity, and dissolved oxygen was kept near saturation (7 mg L À1 ). After a quarantine period of 1 month, fish were transferred to the experimental systems and adapted to the experimental conditions for 15 days. During quarantine and adaptation periods, fish were fed a commercial diet (48% protein and 17% lipids; Sorgal, S.A. Ovar, Portugal). A total of 528 fish with an initial mean body weight of 32.0 ± 0.01 g were randomly distributed by the tanks, 22 fish per tank. The experimental diets were randomly assigned to triplicate groups within each temperature, hence 6 tanks per dietary treatment, with 3 tanks at each temperature. The trial lasted 8 weeks, and during that period fish were fed by hand, twice daily, 6 days a week, until apparent visual satiation. Utmost care was taken to avoid feed losses. The experiment was performed by accredited scientists (following FELASA category C recommendations) and was conducted according to the European Union directive 2010/63/EU on the protection of animals for scientific purposes.
Sampling
At the end of the trial, a total of 8 fish per tank were randomly sampled 4 h after the morning meal. Blood from 3 fish was collected from the caudal vein using heparinized syringes and placed in heparinized tubes. One aliquot was used for hematological assessment while the remaining blood was centrifuged at 3000 Â g for 10 min at room temperature. The resulting plasma was frozen at À80 C for immune parameters analyses. After blood collection fish were euthanized with a sharp blow in the head. Gut with intestinal content was removed and divided in 2 parts, anterior and posterior gut, immediately frozen in liquid nitrogen and then stored at À80 C until measurement of digestive enzymes activities. The anterior gut was defined as the region from the last pyloric caeca and gut mid length. The posterior gut was defined as the second half of the gut.
Three other fish were euthanized with a sharp blow in the head, and gut was dissected on chilled trays and freed from the adjacent adipose and connective tissues. Circa 1 cm of the middle regions of the anterior and posterior gut were collected for histological evaluation. The samples were rinsed in phosphate buffered saline (PBS), carefully blotted dry with a paper towel, immediately fixed in phosphate buffered formalin (4%, pH 7.4) for 24 h and then transferred to ethanol (70%) until further processing.
Two other fish per tank were sampled under aseptic conditions for digesta collection. Digesta was collected by squeezing the entire gut, immediately frozen in liquid nitrogen and then stored at À80 C until characterization of allochthonous microbiota.
Hematological analysis
Fresh heparinized blood was used for hematocrit (Ht) and hemoglobin (Hb) determination, and for blood cells counts. Ht, Hb, total red blood cells (RBC), white blood cells (WBC) and differential white blood cell counts were determined as described by Guerreiro et al. [9] . The mean corpuscular volume (MCV), mean corpuscular hemoglobin (MCH) and mean corpuscular hemoglobin concentration (MCHC) were calculated as follows:
Immune parameters
Bactericidal and anti-protease activities, nitric oxide (NO), and total immunoglobulins (Ig) in plasma were determined as described by Guerreiro et al. [9] and Machado et al. [47] .
Microbial diversity
Samples of 2 fish per tank were pooled to reduce variation. DNA was extracted from 300 mg of gut contents as described in Pitcher et al. [48] . Bacterial 16S rRNA gene fragments were amplified by a touchdown PCR on a T100™ Thermal Cycler (Bio-Rad Laboratories Lda., Amadora, Portugal), using oligonucleotide primers 16S-358F (which contained a GC clamp at the 5 end) and 16S-517R [49] . 300 ng of each PCR product were resolved on 8% polyacrylamide gel composed by a denaturing gradient of 40e80% 7 M urea/40% formamide. Electrophoresis was run on a DCode™ universal mutation detection system (Bio-Rad Laboratories Lda., Amadora, Portugal) during 16 h at 60 C, 65 V in 1 Â TAE buffer. Gels were stained for 1 h with SYBR-Gold Nucleic Acid Gel Stain (Thermo Fisher Scientific Inc.) and imaged on a Gel Doc EZ System (Bio-Rad Laboratories Lda., Amadora, Portugal). Distinct bands were excised from the gel and eluted in 20 ml ultrapure water prior to DNA reamplification [49] using the same oligonucleotide primers as above, but without the GC clamp. Amplicons were sequenced to identify microbiota OTUs (Operational Taxonomic Units). Phylogenetic analysis, to identify the closest known species, was done by comparison with sequences in the GenBank non-redundant nucleotide database using BLAST (http://www.ncbi.nlm.nih.gov) (Macrogen Europe, Amsterdam, The Netherlands). Only sequences higher than 100 bp reads and 80e100% query coverage were considered a valid identification.
Digestive enzymes activities
Each gut section was homogenized in 10 parts of ice-cold 50 mM TriseHCl buffer pH 7.5. Homogenates were centrifuged at 33 000 Â g for 15 min at 4 C and the resultant supernatants were used for digestive enzyme assays.
Total alkaline protease (TAP), lipase (EC3.1.1.3) and a-amylase (EC3.2.1.1) activities, and protein concentrations were measured as described in Guerreiro et al. [12] .
All enzyme activities were expressed as specific activity (U mg
À1
of soluble protein for TAP and mU mg À1 for lipase and a-amylase).
Histological processing and morphological evaluation
Gut samples were processed and evaluated as described in Couto et al. [50] by visualization with a Carl Zeiss MicroImaging GmbH model Primo Star (Jena, Germany). Briefly, blinded evaluation was performed using a semi-quantitative scoring system ranging from 1 to 5 (Table 2) . Score 1 was given to the normal tissue appearance and subsequent scores accounted for increasing alterations in tissue histomorphology. Gut samples were evaluated according to the criteria suggested by Krogdahl et al. [51] : widening and shortening of the gut folds, loss of supranuclear vacuolization in absorptive cells (enterocytes) of the gut epithelium, nucleus position in the enterocyte, widening of lamina propria within gut folds, infiltration of mixed leucocyte population in lamina propria and submucosa. The overall score of histomorphological alterations was calculated by averaging scores of the separate parameters analyzed.
Statistical analysis
Data are presented as means ± standard deviation. Statistical analysis of hematological and immune parameters, and of digestive enzymes was done by two-way ANOVA, with diet and temperature as factors, using a SPSS 21 software package for Windows (IBM® SPSS® Statistics, New York, USA). Data were tested for normality by the ShapiroeWilk test and for homogeneity of variances by the Levene's test. When normality was not verified data were transformed prior to ANOVA. In case of interaction between factors (Ht, lymphocytes, Ig, and posterior gut TAP), one-way ANOVA was performed for prebiotic level within each temperature. Significant differences among dietary groups were determined by the Tukey's multiple range test. In the case of interaction, t-tests were performed to assess differences between temperatures within the same diet. Histological data was neither normal nor homogeneous and could not be normalized, thus KruskaleWallis non-parametric tests and subsequent pairwise comparison were performed. The probability level of 0.05 was used for rejection of the null hypothesis in all tests. DGGE (Denaturing Gradient Gel Electrophoresis) banding patterns were transformed into presence/absence matrices and band intensities were measured using Quantity One 1-D Analysis Software v4.6.9 (Bio-Rad Laboratories Lda., Amadora, Portugal). Relative similarities between dietary treatments and replicates were calculated using Primer software v7.0.5 (PRIMER-E Ltd, Ivybridge, UK). Similarity percentages (SIMPER) were used to represent the relative similarities between treatments. Species richness was assessed using Margalef's measure of richness, and species diversity was assessed by the ShannoneWeaver index. Clustering of DGGE patterns was achieved by construction of dendrograms using the unweighted pair group method with arithmetic averages (UPGMA). Microbial diversity parameters were subjected to twoway ANOVA, with temperature and diet as fixed factors.
Results
Hematological parameters
Dietary prebiotic incorporation did not affect total blood cell counts, Ht, Hb, MCV, MCH, and MCHC (Table 3) . MCV, MCH, and MCHC were also unaffected by rearing temperature. In contrast, RBC, and Hb were higher in fish reared at 25 C whereas the opposite was observed for WBC. Ht was also higher in fish reared at 25 C for all diets (t-test P < 0.05), except diet D0.1 (t-test P > 0.05).
Differential WBC counts are presented in Table 4 . Thrombocytes, monocytes and neutrophils were higher in fish reared at 18 C than at 25 C. In fish fed scFOS diets (t-test P < 0.05), but not the control diet (t-test P > 0.05), lymphocytes were higher at 18 C than at Values presented as means ± standard deviation (n ¼ 9). *P < 0.05; ***P < 0.001; ns: not significant. a Two-way ANOVA: if interaction was significant, one-way ANOVA was performed for diets within each temperature.
25 C. Further, at 25 C, lymphocytes decreased in fish fed diet D0.1 compared to fish fed the control diet.
Immune parameters
Plasma anti-protease activity was unaffected by rearing temperature or prebiotic supplementation, while plasma bactericidal activity and NO were higher in fish reared at 25 C (Table 5 ). Plasma total Ig was also affected by rearing temperature, however due to interaction between factors, temperature affected diets differently. Thus, Ig was higher at 18 C than at 25 C in fish fed diets D0.1 and D0.5 (t-test P < 0.05), whereas temperature had no effect in fish fed the control and D0.25 diets (t-test P > 0.05). NO production was higher in fish fed diet D0.5 than the control and D0.25 diets. At 18 C plasma total Ig was not affect by diet composition, while at 25 C Ig was lower in fish fed diet D0.5 than the control and D0.25 diets.
Microbial diversity
The BrayeCurtis dendrogram and V3 16S rRNA DGGE fingerprints of bacterial communities indicate that the allochthonous ( Fig. 1 ) population had more similar profiles at 25 C (similarity percentages > 60%) than at 18 C (similarity percentages z50%). Moreover, at 25 C dietary treatments appeared to be clustered, while at 18 C dietary treatments clusters were not observed.
The average number of OTUs, microbial richness, diversity, and similarity were not affected by dietary prebiotic (Table 6 ). Similarity was the only parameter affected by rearing temperature, with higher similarity registered in fish reared at 25 C.
Sequence analysis from the DGGE bands (Table 7) showed that the detected dominant allochthonous bacteria were closely related to uncultured bacteria previously isolated from weaned piglets, wild and domesticated adult black tiger shrimp (Penaeus monodon), hybrid tilapia (Tilapia nilotica Â T. aurea), and Canada goose feces. Three OTUs were most closely related to Lactobacillus sp., Oceanobacillus sp. and Cyanothece sp., while thirteen OTUs were not successfully sequenced.
Digestive enzymes
TAP, a-amylase and lipase activities in anterior and posterior gut are presented in Table 8 a-amylase and lipase activities were higher in fish reared at 25 C, in both anterior and posterior gut. TAP activity was not affected by temperature in the anterior gut, but it was higher at 25 C (t-test P < 0.05) in the posterior gut, except for fish fed diet D0.1 (t-test P > 0.05). TAP in the posterior gut was the only digestive enzyme affected by prebiotic incorporation. Thus, at 18 C TAP activity was higher in fish fed diet D0.1 compared to fish fed diet D0.5.
Gut morphology
The average scores of parameters used to assess gut morphology were unaffected by prebiotic incorporation or rearing temperature (Table 9 ).
Discussion
It is known that interactions between gut bacteria and host Values presented as means ± standard deviation (n ¼ 9).' **P < 0.01; ***P < 0.001; ns: not significant. a Two-way ANOVA: if interaction was significant, one-way ANOVA was performed for diets within each temperature, and values in the same line with different letters are significantly different (P < 0.05). Values presented as means ± standard deviation (n ¼ 9). *P < 0.05; ***P < 0.001; ns: not significant. a Two-way ANOVA: if interaction was significant, one-way ANOVA was performed for diets within each temperature, and values in the same line with different letters are significantly different (P < 0.05).
immune system affect host health [15, 16] . Still, most studies on prebiotics effects in fish performance and immune status did not evaluate gut microbiota [18e23] . Results of the present study failed to show any interaction between gut microbiota composition and fish immune status in relation to dietary prebiotics. The hematological profile was also almost unaffected by dietary scFOS. In fish, studies on prebiotic effects on differential WBC counts reported either lack of effects [24, 25] or increased lymphocytes number [53] . On the contrary, in the present study, fish fed the 0.1% scFOS diet had a lower number of circulating lymphocytes, but this effect was only observed at 25 C. In fish fed the scFOS, but not the control diet, temperature also affected lymphocytes numbers, which were higher in fish reared at 18 C. This evidences the importance of rearing temperature in prebiotics action mode and deserves to be further investigated.
Prebiotics fermentation by gut bacteria produces short chain fatty acids (SCFAs) such as propionic, acetic, and butyric acid. Moreover, different gut bacteria lead to the production of different proportions of SCFAs [54] . SCFAs such as butyric acid are known to have immunomodulatory effects, and butyric acid was already reported to suppress lymphocytes proliferation [55] . In beluga (Huso huso), lymphocytes percentage was reduced in fish fed a 0.2% MOS diet [56] . Thus, the reduction of lymphocytes numbers observed in the present study may be related to an increased production of butyric acid in fish fed diets with 0.1% scFOS, but this requires to be confirmed.
Fish reared at 25 C exhibited higher Hb content and RBC numbers compared to fish reared at 18 C. This was not unexpected, since RBC are responsible for providing O 2 to the cells, and fish O 2 requirement increases while O 2 dissolved in water decreases with the increase of water temperature. Similar results were previously reported for rainbow trout (Oncorhynchus mykiss) exposed to simulated winter, spring, and summer conditions [57] .
Plasma NO values are in line with those of RBC. Indeed, besides its immune function, NO also acts as a vasodilator, being produced at higher levels in fish reared at higher temperatures [58] . NO production was also affected by prebiotic incorporation, with higher values being observed in fish fed the 0.5% scFOS diet. In turbot, it was reported that Lactococcus lactis increased NO production in head kidney macrophage and serum, both in vitro and in vivo, respectively, possibly due to a synergistic effect between L. lactis and cytokines or other soluble factors [59] . Although higher LAB population in fish fed the 0.5% scFOS diet cannot be discarded, we were unable to detect it by the PCR-DGGE technique used in the present study.
At 25 C, plasma total Ig was lower in fish fed the 0.5% scFOS Values presented as means ± standard deviation (n ¼ 9). *P < 0.05; ***P < 0.001; ns: not significant. a Two-way ANOVA: if interaction was significant, one-way ANOVA was performed for diets within each temperature, and values in the same line with different letters are significantly different (P < 0.05). Values presented as means ± standard deviation (n ¼ 9). Score from 1 to 5, with 5 indicating major alterations. Mean scores were calculated by averaging the scores of the separate parameters evaluated (changes observed in mucosal folds height, width and cellularity of the lamina propria and submucosa, number of intraepithelial lymphocytes, nucleus position within the enterocytes and size and variation of enterocyte vacuolization).
diet. Although, such a result was not observed on lymphocytes numbers, B-cells the ones responsible for Ig secretion [41, 60] , might change the Ig production rates, without changing total cell numbers. Regarding temperature effect, total Ig results are in line with lymphocytes results, being higher in fish reared at 18 C, with fish fed control diet being not affected by the rearing temperature. Though it is usually assumed that adaptive immune parameters tend to be suppressed at low temperatures [41] , this is not a general rule. Indeed, in this study, fish reared at 18 C and fed scFOS had higher total Ig values and lymphocyte counts than fish reared at 25 C.
Monocytes and neutrophils are known to have strong phagocytosis ability and bactericidal and anti-protease activities [61, 62] . In this study, monocytes and neutrophils numbers were higher in fish reared at 18 C, but plasma bactericidal activity and NO production were higher in fish reared at 25 C. In contrast, antiprotease activity was unaffected by water temperature. As in this study, Machado et al. [47] also observed that neutrophils and monocytes numbers may increase without showing increased humoral immune parameters, such as lysozyme and peroxidase activities.
In the present study, an effect of prebiotic incorporation on gut bacterial composition could not be detected. This contradicts results of other studies that reported FOS effects in growth and survival of beneficial bacteria present in fish gut [24, 25, 63] . Although PCR-DGGE is a useful technique to assess microbial community structures and ecological characteristics, allowing identification of bacteria that are not detected using culture dependent techniques [64] , it is not as sensible as quantitative techniques such as FISH, qPCR, and next-generation sequencing. These quantitative techniques should therefore be preferred in future studies to overcome the semi-quantitative limitations associated with PCR-DGGE [64, 65] . The apparent lack of scFOS effect could also be related with the high levels of fiber and oligosaccharides already present in the plant feedstuffs used in the experimental diets. For instance, soybean meal contains 4e5% oligosaccharides which may also have prebiotic-like properties, thus masking the effect of scFOS. Accordingly, also in gilthead sea bream, an absence of gut microbiota modulation was reported in fish fed a soy-rich diet supplemented with MOS, contrasting with gut microbiota modulation by MOS when fish were fed fish-meal-based diets [36] .
Although several studies reported changes in gut microbiota communities in response to water temperature [12, 39, 66, 67] , such effect was not observed in the present study. The only detectable effect was an increase of similarity between DGGE profiles at 25 C, indicating that higher temperatures might modulate gut bacteria population towards a higher similarity between samples. To the authors' knowledge there is only one study on the effects of temperature on prebiotics on fish gut microbiota modulation [12] . In contrast with present results, in that study it was shown that turbot fed scFOS presented higher gut bacteria richness and diversity at 20 C than at 15 C. There are other studies on the effects of temperature on fish gut microbiota, but used culture-dependent methods and are therefore difficult to compare with the cultureindependent results presented in this study [39, 66, 67] .
Regarding OTUs identity, the bacteria identified in the present study corresponded mostly to uncultured bacteria. Similar results were also observed in previous studies [8, 27, 68] . This is not surprising, since it is known that cultivable bacteria correspond to a small fraction of the total bacterial diversity that can be found associated with a complex and rich environment like the gut [68, 69] . Nevertheless, a Lactobacillus sp., a genus of the LAB clade, was found among our samples. Although not dominant, LAB bacteria are often isolated from the gut of several fish species [39,70e72] and, interestingly, FOS was reported as supporting their growth and survival. The other two genus identified (Cyanothece and Oceanobacillus) corresponded to bacteria commonly found associated with marine environments [73, 74] .
The higher digestive enzymatic activity observed in fish reared at 25 C correlates well with the higher feed intake, feed efficiency, and growth performance observed, and reported in Guerreiro et al. [11] . Although several studies reported increased digestive enzymatic activity or increased apparent nutrient digestibility in fish fed prebiotics [30e33, 75, 76] , in the present study scFOS did not affect digestive enzymatic activity. This is in agreement with the lack of detectable scFOS effects in gut microbiota, as increased digestive enzymes activities were also suggested to be related to changes in gut microbiota. As in this study, other studies also failed to show increased digestive enzymatic activity in fish fed prebiotics supplemented diets [12,77e79] . Only TAP activity in the posterior gut was affected by temperature, however depending on fish diet, which reinforces the potential effect of temperature in prebiotic action.
Prebiotics, namely FOS, galactooligosaccharides (GOS), and MOS, have been reported to increase gut absorptive surface area due to increased microvilli density and height [26,35e37] . In the present study, however, no changes in gut histomorphology were noticed. This may also be related with the level of soybean meal in the experimental diets used in this study. Indeed, Bonaldo et al. [80] were able to observe minor histological alterations in the distal gut of gilthead sea bream fed diets including soybean meal at 30% but not at lower level (18%). Hence, whether deleterious effects of a more challenging diet could be alleviated by scFOS should be addressed in future studies. Also in gilthead sea bream, Dimitroglou et al. [36] found that dietary MOS had no effect on anterior gut mucosal folds morphology when observed by light microscopy. However, using electron microscopy it was shown that MOS positively affected gut ultrastructure. Since in the current study gut ultrastructure was not assessed, changes in gut morphology at ultrastructure level cannot also be discarded.
Results of this study indicate that gilthead sea bream innate immunity appears to be affected by rearing temperature, with particularly higher levels of circulating leucocytes at 18 C, comparatively to 25 C. On the contrary, digestive enzymes activities and gut microbiota similarity were higher in fish reared at 25 C. Overall, dietary scFOS at the tested levels seem to have no major effects on gut microbiota composition, digestive enzymes activities, gut histomorphology and innate immune parameters. Thus, based on present data, it does not seem worthy of including scFOS in gilthead sea bream diets, at least at the tested levels. However, taking into account both the data of this study and that of Guerreiro et al. [11] , it seems that rearing temperature might affect prebiotic outcomes, and this should be further exploited in other studies.
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